SUMMARY The differential diagnosis of human malformation patterns is difficult because of their great number and low occurrence. To compensate for deficiencies in experience, the authors have developed a microcomputer based differential diagnosis for dysmorphic syndromes.
The diagnosis of childhood multiple malformation syndromes represents an intricate problem for the paediatrician. On one hand, the difficulty rests in the multiplicity of the syndromes (a few thousand), and, on the other, in their relatively rare occurrence. With the exception of a few syndromes such as trisomies of chromosomes 13, 18, and 21 or the Marfan, Klinefelter, and Turner syndromes, the probability of a paediatrician encountering these syndromes is low.
We believed that a program containing the different known malformation syndromes and their characteristic signs would be able to compensate, to a certain extent, for deficiencies in experience. We developed a program to help in the differential diagnosis of malformation syndromes: this program, named SYNDROC, runs on a microcomputer. The first part of this article describes the structure and the functioning of the program and the second gives results of a retrospective study of 100 cases of malformation syndromes.
Theoretical aspect
The elaboration of a differential diagnosis does not follow accurate rules. A few theories have been offered but, up to now, no unifying concept has -become apparent."2 As a description of all the algorithms would be out of the scope of this article, we will limit ourselves to a short description of those included in SYNDROC.
Descriptive method. The aim is to take maximum advantage of data from patients in hospital.3 4 Practically, this algorithm can be summarised as follows: the clinical history and physical examination, the diagnosis, and the outcome of each case are stored in a computer. The signs and symptoms of each new patient are compared with previously accumulated patient data by a Boolean operation called the 'and' operation, which consists of finding, given two groups A and B, a subgroup C whose members belong simultaneously to both A and B (the intersection of A and B). The diagnosis can then be derived by reference to the most closely matched subgroup. The advantage of a system like this is its self-learning capacity-each new case described improves the capacities of the program. It is not necessary to know why the signs and symptoms are related in the way they are, but only that their association is reasonably stable.
The disadvantage of the program, however, is its unwieldiness; for optimal efficiency it requires standardisation of the charts, constant updating of the data base, and the acquisition of a large main frame computer with associated high purchasing and servicing expenses.
Bayesian algorithm. This algorithm has the advantage of being easily programmed as it is based on an equation. Bayes' rule states that the probability P(D/F) that a patient has a disease, given the presence of a particular set of findings, is equal to the probability P(F/D) of the occurrence of this set of findings given the disease, multiplied by the frequency P(D) of that disease in the population and divided by the incidence P(F) of the findings in the
P(F) This very tempting theoretical algorithm is rarely usable in its original form as most of these parameters are only partially known. In addition, for the equation to be totally accurate, the different signs must be independent, the diagnoses mutually exclusive, and the various probabilities stationary over time. Few situations in medicine meet these criteria. Some approaches partially taking these criteria into account are, however, usable in very limited fields. They are then referred to as pseudo-Bayesian.
Heuristic algorithm. Eddy and Clanton" and others7 have tried to analyse the psychological process by which clinicians solve diagnostic problems. The first step is the collection of all the signs and symptoms of the studied case. Generally their number is too high to allow mathematical processing. Thus, the physician reduces this number by combining sets of findings into aggregate findings (that is, fever + chills + leucocytosis + high erythrocyte sedimentation rate = infection). The number of the aggregates formed depends on the problem's complexity. In a second step, the clinician chooses signs with a high meaning (pivot sign). After selecting one or several pivot signs, he formulates a list of diagnoses. Such a list is possible since the number of diagnoses relating to a pivot sign is limited and since medical education takes this approach. Once this initial differential diagnosis is established, the physician proceeds to a retrograde analysis and tries to explain, for each diagnosis considered, the maximum number of aggregates. The higher the number of aggregates explained by a particular diagnosis, the more probable it becomes. This approach, made of progressive steps, is actually very popular among diagnostic theoreticians.8
SYNDROC's algorithm
The differential diagnosis established by SYN-DROC is based on an algorithm which includes, to different degrees, the pseudo-Bayesian and the heuristic approaches and the descriptive method. A first differential diagnosis is computerised with the help of the pseudo-Bayesian approach; by this method each sign is related to a diagnosis by a three-dimensional matrix M(ml,m2,m3). Ml gives the subjective importance of the sign in connection with a given diagnosis. This is assessed on a scale varying from 1 to 100. M2 reflects the frequency of the signs used to describe the syndromes and thus allows a modulation of ml. Theoretically, this frequency should be related to that of the general population but, since this frequency is not well known, m2 was calculated in relation to all the signs included in SYNDROC. M3 represents the frequency of the given diagnosis in the general population. When this frequency is known, m3 is used to rank two or more diagnoses that would have an identical final score. The refinement of the diagnosis is based on an heuristic approach. In this approach, SYNDROC establishes one or many pivot signs. These pivots are determined with the help of the matrix M and represent the signs that have a maximal ml value (ml=100). Practically, SYN-DROC asks for the presence or absence of each pivot sign (if they were not introduced earlier) for every considered diagnosis. This approach allows an improved discrimination between the differential diagnosis already established by the pseudoBayesian method. Finally, the descriptive method allows the storage, on a magnetic support (floppy disks), of all profiles studied but not recognised by SYNDROC as having a definite diagnosis. In a case not leading to a diagnosis, SYNDROC will compare this case with all the previous undiagnosed profiles using the and then entered into the microcomputer. After their introduction, the program was stopped and the differential diagnosis was given by the microcomputer. The refinement phase of SYNDROC's algorithm was not used because of the impossibility of answering the program's questions.
Results
The cases analysed are a good reflection of the frequency of these syndromes in children. The 100 cases tested represent 40 different syndromes. Twenty syndromes occurred more than once (recurring syndromes). Table 1 shows their distribution.
The time required by the microcomputer to display the differential diagnosis depends on the number of signs, but never exceeded three minutes.
In 33 cases, SYNDROC submitted only one diagnosis, meaning that a differential diagnosis was unnecessary. In each case there was complete agreement with the clinically established diagnosis. In the other 67 cases, SYNDROC submitted a list of diagnoses classified according to decreasing probability, with a mean of 3-37 syndromes and 8&41 signs for each case. In 33 cases, the agreed diagnosis was listed first; in 29 cases it was in second position (Table 2 ). In the last five cases, the concordant diagnosis was mentioned twice in third position and once in the fifth. In two cases, SYNDROC did not mention the diagnosis established by the geneticists. One of these was a case of Fanconi pancytopenia, the other an example of the Weill-Marchesani syndrome. A separate analysis of the recurring and non-recurring syndromes leads to 95% diagnostic agreement in first or second position in both groups. As opposed to other diagnostic aid programs,"
SYNDROC gives not only an exhaustive list of possible diagnoses, but it attempts to propose, by different approaches, the best diagnosis. To our knowledge, SYNDROC is the first program running on a microcomputer which gives a ranked diagnosis of human malformation syndromes. SYNDROC's attraction lies not only in the proposal of a differential diagnosis, but also as a teaching tool, through the constant repetition of signs and symptoms of malformation syndromes.
We realise that the number of malformation syndromes included in our system is rather limited, but this will increase with further development. In the meantime, the present study shows that microcomputers have a definite place in medical teaching and practice, and that their use should be encouraged. 
